The conventional brick handling such as road paving site, building construction site is allocated to the construction workers. Since these kinds of tasks are obviously labor-intensive and tedious, there have been many approaches to the automation at the construction site. However, the automation of the block-laying task still has several problems caused by the poor surroundings -inequable construction materials and uneven working conditions like various laying and paving patterns. Herein, this paper proposes an integrated mobile manipulator system operated by the optimal laying pattern and trajectory generation algorithm. The pattern generator is designed by the "Fast Algorithm" based on Steudel's algorithm; the trajectory generation algorithm is based on the "Overlap Method" which is a treatment skill for robot-surrounded obstacles. This study mainly shows the efficiencies of the proposed pattern and trajectory generation algorithm for the brick-laying task and the performance evaluation of the prototype system.
Introduction
Automation in the industrial field, in specific, factory automation has made good progress. Operators used to be included in a conventional manufacturing process with uniform working conditions -a formal production line. Automation outside the production line, however, has several limitations and difficulties in adapting to actual conditions, manual or semi-automatic machining tools are mostly used in modern industries. Automated machines or robots are starting to work with man on the jobsite, specifically in a construction site. Through many reports, brick laying and paving is the laborious task with harsh repetitive working conditions; they often cause fatal injuries. Miedema and Vink (1996a, 1996b) found that the highest workload is experienced by the bricklayer when the bricks are located 0~50cm above the work floor and the highest workload of the bricklayers' assistant is seen in loading and unloading process. [1] To solve these problems, Anliker (1988) developed one of the earliest prototypes of the semi-automated bricklaying masonry machine which is able to build pre-assembled brick walls up to 8 meters long. [2] And Pritschow (1996) proposed a brick laying robot which can operate such a picking bricks or blocks task on the construction site from prepared pallets, applying bonding material, and erecting brickwork with high accuracy and quality. [3] However, these studies commonly have several critical drawbacks. First, they did not consider the importance of an optimized brick-laying pattern generation; hence, the constructor should design the laying pattern of the wall or load separately and check the possibility of the robot to perform the laying task (Fig. 1) . Second, they did not pay attention to the motion optimization of the robot arm based on the brick laying position and surrounding obstacles. Motion and trajectory optimization can increase the efficiency of the entire task. This paper defined the brick-laying task and a couple of assumptions for the system configurations. Next, the main pattern generation algorithm -the "Fast Algorithm" is introduced briefly. Then, the designed trajectory generation algorithm to travel between the gripping point (initial point) of picked and palletized point (target laying position) is explained; its performance is verified.
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The Overlap Method for the Brick-laying Trajectory Generation
Basic Concept
The computing load is a critical problem in the area of software development. The main purpose of this study, as described in the Introduction, is to develop an OLP (offline programming) simulator specific to brick-laying automation. If the real size of a brick-laying robot is considered to generate the optimized trajectory, an A* algorithm is a relatively expensive method. To use this algorithm, the C-space has to be generated, but this requires a large amount of computing load. To focus on the characteristics of the bricklaying task, the new strategy which is devoted to the generation of the set of boundaries (convex) of the obstacles was proposed. As shown in Fig. 13 , the proposed method overlaps the scanned images of each brick at one plane and obtains the outer line of the overlapped image. This method used the total traveling distance from the pick-up point of the bricks to the place-down point via the outer line of the overlapped area. The following equation was used to optimize the traveling distance that the robot must negotiate to deliver one brick from the pick-up to the place-down point: 
Considerations of the Via Point
The robot path, however, is not composed of only three points (a place-down point, an optimal via point, and a place-down point). Therefore, this algorithm is exhausted to find an extra via point that would travel the whole path, from the start to the end point. To do this, the optimal via point is used as the initial point. If the gripper of the robot reaches this point, a collision between the gripper and the obstacle can be avoided by changing 1 θ . The definition of the collision or gap between the robot and place-down point and the obstacle is decided beforehand. The place-down point is calculated based on the base frame plane of the manipulator. Therefore, when the robot performs the brick-paving task, the place-down point has to be considered first. Through these several treatments, the intermediate via points are decided as shown in Fig. 8 . 
